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MGLUR5 ANTAGONISTS FOR THE TREATMENT OF PAIN AND ANXIETY 

The^esent in Jn^n re.ates to new pharmaceutical uses of compounds having 
antagonistic activity at metatropic giutamate receptors (mGluRs). 

G ,utamate is the principal excitatory transmitter in the centra, ne.ous system acting through 
^^m.t.rW. « alsoplaysamaiorrde in activating modu.a^ pathways 
through the mGluRs. 

Based on .heir amino acid seouence homology, agonist pharmacology and » 
deduction mechanisms, the 8 present* known mQ ,uR su b - V pes are c ass,..e ,n,o *ree 
gro ups. Group i receptors <mG,uR1 and mGluR5> have been shown to be coupled to 
s.imulaUon c. phospholipase C resulting in phosphoinosUide hydrolysis and eleva.ron o, 

I ular Ca~ leveis, and. in some agression systems, to couple to modulation - ,on 
channels, such as K* channeis, Ca~ channeis. non-selective cation channels or NMDA 
eceptor . Group II receptors <mGluR2 and mG,uR3, and Group U, receptors (mG luRs 4. 6, 
7 and 8) are negatively coup,ed to adenylylcyclase and have been shown to couple «o 
inhibition o. CAMP formation when heterologous* expressed in man— ceUs, and to G 
pro ein-acrvated inward reOHying potassium channels inXenopusoocy.es and rnun p ^ 
Lhceils in the cerebellum. Besides mGluRS, which is essentiaily oniy expressed , he 
,etina, the mGluRs are .el. .o be widely expressed .hroughou. the centra, nervous system 
(CNS). 

said mG.uRs have been implicated as potentially important Uterapeutic target .or a number 
o. neurotica, and psych,a.ric disorders largely based on studies with 

,417-26 , 995; Conn and Pin. Annu. Rev. Pharmacol. Toxico.. 32. 205-37. 1997). 
Particularly .or group I mGluR, .he elucidation o, .he role o, me individual receptor surges 
'Is blen signiUcantV hampered by the lacKo, potent, systemically active. sub W e-se,ec«,ve 
compounds. 

According to the present invention it has unexpectedly been found «ha, se.ec.rve mG,uR5 
antagonists provide highly effective .reatments for pain and anMety. 



These findings are based on experiments performed with a new class of compounds which 
display a high degree of selectivity and affinity as antagonists of the human and rat mGluRS 
(selective mGluRS antagonists). Selective mGluRS antagonists, as used herein, typically 
exhibit about 100 fold greater activity at an mGluRS receptor than at an mGluRI receptor, 
preferably about 200 fold greater activity and most preferably about 400 fold greater 
activity These selective mGluR antagonists are 2-arylalkenyl-. 2-heteroarylalkenyl-. 2- 
arylalkynyl-, 2-heteroaryl-alkynyl-, 2-arylazo- and 2-heteroarylazo- pyridines, more 
particularly 6-methyl-2-(phenylazo)-3-pyridinol. (E)-2-methyl-6.styryl-pyridine and 
compounds of formula I 

R3R4 
R,-/~Vc=C-R 5 




>=N 



wherein 

Rl is hydrogen, <C M ) alkyl. (C^alkoxy, cyano, ethynyl or diCC^alkylamino. 
R 2 is hydrogen, hydroxy, carboxy, (Cm) alkoxycarbonyl, di(C^)a1kylaminomethyl, 
4-(4-fluoro-benzoyl)-piperidin-1-yl-carboxy,4-t.-butyloxycarbonyl-piperazin-1-yl- 
carboxy, 4-(4-azido-2-hydroxybenzoyl)-pi P erazin-1-yl-carboxy or 4-(4-azido-2- 
hydroxy-3-iodo-benzoyl)-piperazin-1-yl-carboxy, 
R 3 is hydrogen, (C M ) alkyl, carboxy, (C^alkoxycarbonyl. (C^alkylcarbamoyl, 
hydroxy^alkyl. di(C n .)alkylaminomethyl, morpholinocarbonyt or 4-(4-fluoro- 
benzoyl)-piperidin-1 -yl-carboxy, 
R. is hydrogen, hydroxy, carboxy, (C 2 . 5 )alkanoyloxy, (C^)alkoxycarbonyl, amino 
(C^)alkoxy, di(C^)alkylamino(C^)alkoxy. di(CM)alkylamino(C^)alkyl or 
hydroxy(Ci^)alkyl, and 
R 5 is a group of formula 



wherein 

R a and R„ independently are hydrogen, halogen, nitro, cyano, (C^alkyl, 



(CJalkoxy. trifluoromethyl, trifluoromethoxy or (C, 5 )alkynyl, and 
„. is hydrogen, fluorine, chlorine bromine, hydroxy (CJalkyl. <A.s>alkanoyloxy. 

(C M )alkoxy or cyano, and 
R„ is hydrogen, halogen or (C,-.)alkyl, 
in free form or in form of pharmaceutical^ acceptable salts. 

More particularly the findings are based on experiments performed 
Ludlg2-l2-( P yri M ^^ 

pyridine and 2-(3.|,uoro- P henyle.hyny1)-6.me.hyl pyridine (used as free bases). 
The compounds of formu.a I can be prepared by reacting a compound of formuia I. 

n.-fy-Y, («) 

with a compound of formula III 

Y 2 -R 5 ('») 
• h>h nn P of Y and Y 2 denotes a reactive esterified hydroxy group or a halogen such as 

R 2 , R 3 and R. as well as functional substituents of Rs may be temporanly protected. 

me reaction can be performed according to known methods, e.g. Heck and Sonogashira 
Z: g or 6ri9 nard The starting materia, are known or can be obtained from known 

materials using conventional methods, 
has been found that the compounds of formula . are usefu. as modulators of mG.uRs, 

particularly as selective mGluR5 antagonists. 
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Modulation of mGluRs can be demonstrated in a variety of ways, inter alia, in binding 
assays and functional assays such as second messenger assays or measurement of 
changes in intracellular calcium concentrations. For example, measurement of the inositol 
phosphate turnover in recombinant cell lines expressing hmGluR5a showed, for the 
compounds of formula I, ICso values of about 1 nM to about 50nM. 

In particular, the compounds of formula I exhibit a marked and selective modulating, 

especially antagonistic, action at human mGluRs, especially mGluR5. This can be 

determined in vitro for example at recombinant human metabotropic glutamate receptors, 

especially PLC-coupled subtypes thereof such as mGluR5, using different procedures like, ^ 

for example, measurement of the inhibition of the agonist induced elevation of intracellular 

Ca 2+ concentration in accordance with L. P. Daggett et al. Neuropharm. Vol. 34, pages 871- 

886 (1995), P.- J. Flor et al., J. Neurochem. Vol. 67, pages 58-63 (1996) or by determination 

to what extent the agonist induced elevation of the inositol phosphate turnover is inhibited 

as described by T. Knoepfel et al. Eur. J. Pharmacol. Vol. 288, pages 389-392 (1994), L. P. 

Daggett et al., Neuropharm. Vol. 67, pages 58-63 (1996) references cited therein. Isolation 

and expression of human mGluR subtypes are described in US-Patent No. 5,521,297. The 

compounds showed IC50 values for the inhibition of the quisqualate-induced inositol 

phosphate turnover, measured in recombinant cells expressing hmGluR5a, of about 1nM to 

about 50 u.M. 

Activity of mGluR5 antagonists as analgesics according to the invention can be Q 
demonstrated in models of persistent inflammatory pain and of neuropathic pain, performed 
as described below: 

Oral administration of selective mGluR5 antagonists, for example as defined above, dose- 
dependently reverses mechanical hyperalgesia in the complete Freund's adjuvant rat model 
of inflammatory pain (Bartho et al., Naunyn Schmiedebergs Arch. Pharmacol. 342, 666-670, 
1990). In this model, oral administration of antagonists of formula 1, for example, produces 
a maximal reversal of between 60-95% reversal of inflammatory hyperalgesia with EDso's 
ranging between 4 and 25 mg/kg. The anti-hyperalgesic effects are of good duration 
(greater than 5 hours) and the onset is very rapid. 



, Hir mGluRS antagonists, for example as defined above, 

about 100 mg/kg. 

^^* ta,n ^' ,,tt,,,i,,d 

to the treatment of inflammatory pain. 

teno . sy no.«sandvascu M s. 

diabetic neuropathy pain, causalg.a, low back pa.n 

brachial plexus avulsion. 

mi ce and .he soda. exploration test In rate, as described below. 

• k< mi ~iRG uster, Psychophannacology-Beri. 9g, 180-185 

(1987)1, compounds oi formula I, for examp . ^ 

open arms and the time spent on the open arms o, the eieva P d 

a— 

in male C57/BL6 mice, according to Razo ei a., i 
337, 675-678, 1988]. 



In the stress-induced hypothermia test in mice [B. Olivier et al., Euro. Neuro- 
psychopharmacol. 4, 93-102 (1994)], compounds of formula I, for example, attenuate 
stress-induced hypothermia in OF1-mice at doses of about 1 to about 100 mg/kg. 

,n the social exploration test in rats, compounds of formula I, for example, increase the 
amount of social contact with the resident animal at doses of about 0.03 to 3 mg/kg. The 
test is performed as follows: 

Male adult Sprague Dawley rats ("residents") and male young lister Hooded rats ("intruders") 
are used "Intruders" are housed in pairs and "residents" are individually housed for two 
weeks before the test in plastic cages (Macrolon, 42 x 26 x 15 cm). All treatments are given 
to the "intruder" rats, only. The test-compound is administered orally (2 ml/kg). Two 
additional groups are included: controls receive 0.5% Methocel and an additional group is 
treated with the benzodiazepine chlordiazepoxide which serves as positive standard. 
Twelve rats are used per group. Pairs consisting of one "intruder" rat and one "resident" rat 
are assigned at random to one of the experimental or the control groups. In each pa.r only 
the "intruder is orally treated before being placed into the home age of a "resident" an.mal. 
The duration of active approach behaviours of the "intruder rat (sniffing, anogenital 
exploration, nosing, grooming, licking, playing) towards the "resident" is manually registered 
and cumulatively recorded over a period of 5 minutes. All observations are made dunng the 
light phase (1 1 a.m. to 4 p.m.) in the home cage of the "resident" . 

In accordance with the above, the present invention provides: 

a) the use of a mGluR5 antagonist for the treatment of pain and anxiety. 

b) the use of a mGluR5 antagonist in the manufacture of a pharmaceutical composition 
for the treatment of pain and anxiety. 

c) A pharmaceutical composition incorporating as active agent a mGluRS antagonist for 
use in the treatment of pain and anxiety. 

d) A method of treating pain and anxiety in a subject in need of such treatment, 
comprising administration to such subject of a therapeutically effective amount of a 
mGluR5 antagonist. 



to five times a day. 

rr/.mxr. rvr- 

. u >«h nn *kin^ or by gastrointestinal delivery (e.g., with a 
^,hocnnicaUndica.icn. The .noou.a is W icaUy prepared from a dned mG.uRS 

binders, excipients, and the like. Thus, for purposes of oral m '"^'™* ^ 
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salt and hard filled gelatine capsules. Preferred materials for this purpose include lactose 
or milk sugar and high molecular weight polyethylene glycols. When aqueous suspensions 
of elixiers are desired for oral administration, the active mGluR5 antagonist is combined with 
various sweetening or flavoring agents, colored matter of dyes, and if desired, emulsifying 
or suspending agents, together with diluents such as water, ethanol, propylene glycol, 
glycerin and combinations thereof. For parenteral administration, solutions of the mGluR5 
antagonist in sesame or peanut oil or in aqueous polypropylene glycol are employed, as 
well as sterile aqueous saline solutions of corresponding water soluble pharmaceutical^ 
acceptable metal salts. Such an aqueous solution should be suitably buffered if necessary 
and the liquid diluent first rendered isotonic with sufficient saline or glucose. These 
particular aqueous solutions are especially suitable for intravenous, intramuscular, 
subcutaneous and intraperitoneal injection. The sterile aqueous media employed are all 
readily obtainable by standard techniques well known to those skilled in the art. 
Additionally, it is possible to administer the aforesaid compounds topically (e.g. through a 
placed catheter) using an appropriate solution suitable for the purpose at hand. 

Further embodiments of the invention provide articles of manufature containing package 
inserts with instructions for therapeutic use, packaging material and a formulation of one or 
more of the mGluR5 antagonist containing pharmaceutical compositions. The instructions 
for use will commonly identify administering the mGluR5 antagonist to ameliorate one or 
more symptoms of a dysfunction having a pain and/or anxiety component. The article of 
manufacture will also commonly contain a label indicating the compound, or composition, 
and its use for ameliorating one or more symptoms associated with the subject dysfunction. 

The method of treating pain and anxiety in accordance with the invention is intended to 
mean a method of delivering to a subject in need thereof a pharmaceutical preparation of 
mGluR5 antagonist with the aim of treating or preventing one or more symptoms of a 
dysfunction having a pain and/or anxiety component. The subject method includes 
delivering the preparation to a patient i) before the dysfunction has been diagnosed, e.g., 
prophylactic protocols delivered with the aim of preventing development of the dysfunction, 
as well as, ii) after the dysfunction has been diagnosed, e.g., therapeutic protocols. 

In accordance with said method for treating pain and anxiety the mGluR5 antagonist is 
introduced in the structure of any medicinal form or composition. It is used as a solitary 



agent of medication or in combination with other medicinal preparations. S,nce the 
pharmacokinetics and pharmacodynamics o« the mGluR 5 antagonist will vary ,n different 
patients, the most preferred method for achieving a therapeutic concentration ,n a 
to gradully escalate the dosage and monitor the clinical effects. The initial dose, for such 
an escalating dosage regimen of therapy, will depend upon the route of administration. 

,„ addilion to the finding of the remarkable activity of selective mGluRS antagonists in the 
.rea.men, o, pain, it has surprisingly been found tha, hyperalgesic effects of 
antagonists are primarily mediated by peripherally expressed mGluRs. pamculariy mGluRS. 
This finding is totally unexpected in view of available evidence based on the fo.low,ng 

studies: 

Electrophysiological studies o, mGluRs have demonstrated tha. their activation strongly 
contributes to synaptic modulation in the centra. nen,ous system (CMS). Pharmaco.og.ca 
and physio,ogica, studies of the spinal cord reflex suggest tha, mGluRs can both attenuate 
or enhance the motor output o, the spina, cord (see Boxa,l e, a,., Neuroscience 8MB1- 
602 1998). lntrace„ular studies have revealed tha, membrane propert.es of 
range intemeurons and ventral horn neurons o, the spina, cord are also directly affectedby 
JLr activation (Morisse, and Nagy. J. Neurophysiol. 76:2794-2798, 1996; L,u and K,ng, 
Br. J. Pharmacology. 1 1 6.1 05P, 1995). 

Molecular biological studies have confirmed the expression of RNA's for mGluRs in 
mammalian CNS. Receptor proteins have also been described in mammalian bra,n .or 
mGluR1-5, mGluR7 and mG.uR8 sub-types. These receptor subtypes appear to be 
,oca,ised on neurons both pre- and pos,-synap.ica..y, and a.so appear in g,,a> cells. The 
presence of mGluR mRNA In the adult ra, spina, cord has been demonstrated usmg « s,.u 
hybridisation techniques (Boxall e, al. 1998 - see above,. mGluRs 1 , 3-5 and 7 subtype 
mRNA's are expressed in the ra. spina, cord. Furthermore. immunohistochem,st,y 
techniques have demonstrated the expression o, mGluRS protein in me human and ra, 
spinal cord and in the ra. dorsa, root ganglion ce,,s (Valerio e. a.., Neuroscience Research. 
28:49-57, 1997). 

,„ vrvo e,ec,ro P hysiologica, studies have ,evea.ed tha. spinal cord mGluR actuation 
ZLestomldevetopmento,^^^ 
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Behavioural pharmacological studies In rats indicate that the intrathecal^ administered 
mGluR group I agonist 3,5-dihydroxyphenylglycine (DHPG) induced an increase in 
spontaneous nociceptive responses in the rat (Fisher and Coderre, Neuroreport. 9:1 169- 
1 172, 1998). Further evidence tor a spinal role of mGluR Group I receptors in nociceptive 
processing was indicated by the report of antinociceptive effects of intrathecally 
administered anti-rat mGluRI and mGluRS antibodies. Both of these antibodies reversed 
the spontaneous nociceptive responses evoked by intrathecal administration of DHPG 
(Fundytus et a!., Neuroreport. 9:731-735. 1998). In addition, they both reversed the cold 
allodynia that developed following sciatic nerve injury in the rat. indicating that spinal 
mGluRI and mGluR5 receptors may play a role in neuropathic pain. 

All the available evidence based on the above-mentioned studies indicates that mGluR 
involvement in nociceptive processing is restricted to the CNS. Therefore, for analgesic 
efficacy, it would have been expected that therapy with mGluR antagonists would require 
access to the CNS, e.g. central administration or ability of the antagonist to pass the blood- 
brain barrier. 

This finding according to the invention that the hyperalgesic effects of mGluR antagonists 
are primarily mediated by peripherally expressed mGluRs. particularly mGluRS. can be 
demonstrated in the standard models described below: 

On intracerebroventricular or intrathecal administration of mGluR antagonists capable of 
penetrating the blood-brain barrier, e.g. specific mGluRS antagonists in the complete 
Freund's adjuvant rat model (Bartho et al.. 1990 as above), the mGluR antagonists produce 
only weak anti-hyperalgesic effects. 

The brain and spinal cord sites are therefore unlikely to be the primary sites of action 
following oral administration. 

in a naive rat hind paw test of mechanical hyperalgesia (Randall and Selitto. Arch. Int. 
Pharmacodyn. Ther. 1 1 1:409-419. 1957). the following rank order of potency is obtained for 
glutamate receptor agonists: glutamate - 2-chloro-3-hydroxyphenylglycine (CHPG) > DHPG 
> NMDA > AMPA > (±)-2-aminobicyclo[3.1 .0]hexane-2,6-dicarboxylic acid (LY 314582) > L- 
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4- p hosphono- 2 -amino-bu.iric acid (L-AP4). O. the receptor selective compounds tested, 
those acting at Group I mGluRs were the most potent hyperalgesia agents. 

These results demonstrate that the mGluR Group I receptors are particular* involved in 
nociceptive transmission and that they are expressed peripherally. 

On co-administration of the mGluR Group I agonist DHPG to the ra, hind paw in the same 
mode, according to Randal and Selitto. the mGluRS antagonists dose-dependently ,nh,b,t 
the DHPG-induced hyperalgesia, while the mGluR Group I antagonist (S)-4- 
carboxyphenylgiycine [(S H C-PG]. which is se.ec,ive tor mG,uR1 over mGluRS receptors, 
has limited effect. 

These results indicate mat the mGluRS receptor is particularly involved in nocicepUve 
transmission and confirm that it is expressed peripherally. 

The above findings indicate that hyperalgesia associated to inflammatory pain can be 
treated with mGluR antagonists, e.g. mGluR antagonists having a mGluRS antagon.st.c 
component. Moreover they indicate that a mGluR antagonist which does not (or ,s 
administered in such a way that it does no,) substantially act a. centra. mGluR receptors, 
while being substantially free of central effects, will not be less active as to ,ts ant,- 
hyperalgesic activity than a mGluR antagonist which penetrates the CNS. 

In accordance with the above, the present invention also provides: 

a) The use o, a mGluR antagontet for the treatment of pain, whereby analgesic effect is 
achieved by interaction of said antagonist primarily or predominant* at peripheral mGluR 

rTe use of a mGluR antagonist in me manufacture of a pharmaceutical composition 
for the treatment of pain by interaction of said antagonist primarily or predominantly at 
peripheral mGluR receptors. 

c, A pharmaceutical composition incorporating as active agent a mGluR an.agon.st for 
use in the treatment o, pain, whereby ana.gesic effect is acMeved by interaction of sa,d 
antagonist primarily or predominantly at peripheral mGluR receptors. 
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d) A method of treating pain in a subject in need of such treatment, comprising 
administration of a mGluR antagonist, whereby analgesic effect is achieved by interacts of 
said antagonist primarily or predominantly at peripheral mGluR receptors. 

Preferably said analgesic effect is achieved exclusively or substantially exclusively at 
peripheral mGluR receptors. 

Predominant interaction at peripheral mGluR receptors is preferably achieved by chosing an 
active agent which does not substantially penetrate the CNS or is administered in such a 
way that it does not substantially penetrate the CNS. 

Modes of administration which are such that the administered mGluR antagonist does not 
substantially penetrate the CNS include topical, particularly transdermal administration. 

For transdermal administration, the mGluR antagonist may be administered in any 
conventional liquid or solid transdermal pharmaceutical composition, e.g. as described in 
Remington's Pharmaceutical Sciences 16th Edition Mack; Sucker, Fuchs and Spieser, 
Pharmazeutische Technologie 1st Edition, Springer and in GB 2098865 A or DOS 3212053. 
the contents of which are incorporated herein by reference. 

Appropriate dosages of the mGluR antagonist for said analgesic effect are as described 
above for the use of mGluR5 antagonists in pain and anxiety. 

Preferred mGluRS antagonists for use according to the invention include compounds of 
formula I as defined above, in free form or in form of pharmaceutical* acceptable salts. 
Representative compounds of formula I include 2-methyl-6-(phenylethyny1)-porridine, 2- 
[(pyridine-S-yOethynyll-e-methyl-pyridine.^S-fluoro-phenylethynyO-e-methyl-pyridineand 

(3-{2-[2-trans-(3.5-dichloro-phenyM 

These and further compounds, and groups of compounds, of formula I for use according to 
the invention, as well as their preparation, are disclosed for example in WO 99/02497, 
incorporated herein by reference. 

The tolerability of .he mGluRS antagonists ot formula I may be determined in conventional 
manner. At the doses administered in the above indicated tests, no substantial lexicological 
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e«ec. is detected. Aiso in standard mutagenicity assays, e.g. the Ames screen, the 
compounds do not show evidence ot a mutagenic potentel. 



